In this paper, we investigate the utility of vibration-based NDT tests to detect the 10 subtle microstructural modifications and cracking damage in portland cement mortars 11 subjected to oven drying treatment. Both linear (resonant mode frequency and damping) 12 and nonlinear (nonlinear hysteretic behavior) vibration test data are reported, collected 13 from samples having a range of water to cement ratios and at two different aggregate 14 contents. All test data are affected by the drying treatments, but it appears that the 15 resonant mode frequency response is dominated by the reduction in internal moisture 16 content with drying and changing aggregate cement ratio of the mixture. On the other 17 hand, the linear mode damping, and more so the nonlinear hysteretic parameter, are 18 more influenced by the microstructural modification and cracking damage caused by 19 drying. In particular it appears that the nonlinear hysteretic parameter is very sensitive 20 to internal damage and microstructural modifications caused by oven drying, but not 21 notably sensitive to pore moisture content, and water to cement and aggregate to cement 22 ratios. 23
following the recommendation in the standard EN 196-1 [27] . The lowest w/c 1 specimens within both series (I-0.40 and II-0.25) were prepared with a 1% by weight of 2 a sulphonated melamine-based superplasticizer to obtain a workable consistency. Six 3 samples of each mortar designation were produced and tested. Dry bulk density and 4 open porosity were ascertained from saturated, immersed and dried weights. One 5 additional mortar replicate set (three samples per type of mortar) was produced to 6 determine compressive strength at the age of 28 days after mixing. Table 1 The samples were tested at two moisture conditions: fully saturated and oven dried. 1
All samples were immersed in 20ºC water for more than 28 days after mixing. Under 2 these conditions, we expect the pore structure of the mature mortar to be fully saturated 3 with water. The samples were removed from the water bath and subjected to linear 4 vibration and NIRAS tests. Then the samples were oven-dried at 60ºC until their mass 5 remained constant (±1g), removed from the oven, allowed to cool naturally during 24 6 hours to room temperature and at ambient relative humidity, and subjected to linear 7 vibration and NIRAS tests again. 8
The linear vibration tests were conducted following the standard resonance 9 vibration test configuration to promote flexural mode of vibration, according to ASTM-10 C215:08 [26] . Linear dynamic modulus of elasticity (E d ) was determined using Eqn. 1. 11
The linear quality factor (Q) was computed from the data following the procedure 12 shown in Eqn. 2. The average of ten repeated relatively low energy impacts were 13 obtained for each sample and test. The bulk density, obtained by weighing the samples 14 at saturated and dried states, was used in the computation of E d at both saturation states: 15 fully saturated and after oven drying. drying is significant, while for a/c=1 samples the increase in Q with drying is modest, 4 and nearly insignificant. We attribute the relatively modest increase in Q for dried 5 mortars with a/c=1 to increased microcracking shrinkage expected in these mortars after 6 the heat treatment, which offsets the damping reduction (that is Q increase) expected 7 from the reduction of internal moisture content. where an expectedly large reduction in E d with drying was observed. This phenomenon 5 is likely due to significantly enhanced drying and autogenous shrinkage microcracking 6 that contributes in a more equitable way to the reduction of E d after drying. In general, 7 autogenous shrinkage effects are more prominent in low water to binder cement-based 8 materials, and their effects extend over time. Drying at 60ºC can promote further 9 hydration and autogenous shrinkage, especially in very low w/c mortars, even after 28 10 days of wet curing; this damage is additive to that caused by normal drying shrinkage. 11
The Q and α parameter data for the Mortar II-025 samples also indicate greater than materials are expected to exhibit more microcracking with drying because of lower 1 levels of internal restrain exerted by aggregates to resist drying shrinkage stresses than 2 those mortars with a/c=3. In fact the samples with w/c=0.25 exhibited a notable 3 decrease in Q with drying, which as before is attributed to the extensive amounts of 4 drying and autogenous shrinkage cracking experienced by the very low w/c materials. 5
Similar to, but perhaps even more so than, the behavior of Q, and α values appear to be 6 largely unaffected by varying w/c and a/c at saturated conditions. This insensitivity to 7 capillary pore variation under saturated conditions suggests that the pore moisture effect 8 on α is negligible, and further that microcracking effects dominate the response. This 
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